INTRODUCTION
Wholegrain products are necessary part of healthy diets as sources of dietary fiber and mineral nutrients. Among cereals, barley grain is the main source of P, Ca, K, Mg, Na, Cu and Zn (1) , as well as of Si, which showed the positive effect on bones (2) . Barley health benefits are provided by a β-glucan fiber fraction, which is associated with lowering of blood cholesterol levels, glycemic index and weight loss (3) .
High concentration of mineral elements in cereal grains does not mean that they are available for humans. Antinutrients, as essential part of grain, like phytate, phenolics, etc., limit the absorption of mineral elements. Grains also contain promoters, such as β-carotene, S-containing amino acids, etc., which enhance mineral nutrients bioavailability or decrease the activity of inhibitors (4, 5) . Enrichment of grains with mineral elements and other important nutrients -biofortification is a very complex process. One of the strategies is the application of foliar fertilizers, which have also a positive effect on plant metabolism and grain yield (6) .
There are many different substances which foliarly applied influence accumulation of mineral nutrients in grains. For instance, Si can improve crop production by increasing water uptake, maintaining nutrient balance, promoting photosynthetic rate, increasing the activities of antioxidants (7, 8) . Nevertheless, hormones could also increase stress tolerance and uptake of mineral nutrients, like brassinosteroids (9) . Propiconazole, as a brassinosteroid inhibitor (10) showed positive impact on barley and wheat grain yield and composition, decreasing phenolics and increasing carotenoids (11) . Cytokinine, 6-benzyladenine expressed positive effect on photosynthesis and antioxidants in salt stressed plants (12) . Chitosan has ability to mitigate stress and to chelate minerals and other nutrients, and it is widely used in phytoremediation for heavy metal removal (13) .
The aim of this study was to test various foliar fertilizers, including some hormonal growth-stimulators, as potential biofortification measure on chemical composition of barley grain, including phytate and phenolics as antinutrients, β-carotene and glutathione as promoters and mineral elements, such as Ca, Mg, Fe, Zn and Mn.
EXPERIMENTAL

Field trial
The grain of hull-less barley (Hordeum vulgare L. var. nudum; cv. 
Chemical analysis of barley grain
After harvesting the chemical composition of grain was determined. Phytic (P phy ) and inorganic (P i ) phosphorus were determined by the method of Dragičević et al. (14) , and total glutathione (GSH) by the method of Sari Gorla et al. (15) , after extraction with 5% trichloroacetic acid. The extract was centrifuged at 12,000 rpm for 15 min (DynamicaModel Velocity 18R Versatile Centrifuge, Rotor TA15-24-2) at 4 o C. P phy was determined on a Biochrom Libra S 22 spectrophotometer, based on the pink color of the Wade reagent, which is formed upon the reaction of ferric ion and sulfosalicilic acid, and has an absorbance maximum at λ=500 nm. P i was determined after adding of ammonium heptamolybdate + ammonium metavanadate solution to the extract and measuring the absorbance at λ=400 nm. GSH was determined by adding 0.2 M potassium phosphate buffer (pH = 8.0) and 10 mM DTNB (5.5 ' -dithio(2-nitrobenzoic acid)) to the extract and measuring the absorbance at 415 nm. Water soluble phenolics were determined by the method of Simić et al. (16) , after extraction with double distilled water and centrifugation at 12000 rpm for 15 min, by adding 0.05 M FeCl 3 in 0.1 M HCl and 0.008 M K 3 Fe(CN) 6 to sample solution; the absorbance was measured at λ=722 nm. Phenolic content was expressed in μg of ferulic acid (FAE) equivalent. Yellow pigment (β-carotene) concentration was determined according to the AACC procedure (17) , after extraction with 1-butanol and centrifugation at 10,000 rpm for 5 min; the absorbance was measured at λ=436 nm.
After wet digestion with HNO 3 + HClO 4 , the Ca, Mg, Fe, Mn, Zn and Si contents were determined by Inductively Coupled Plasma -Optical Emission Spectrometry (Spectro Analytical Instruments, Germany).
Statistical analysis
Chemical composition of the barley grain is present as mean ± standard deviation (SD). The ratios between P phy and P i , phytate, β-carotene, Ca, Mg, Fe, Zn and Mn could be considered as parameters of potential bioavailability of examined mineral elements and the differences between treatments means were tested by ANOVA, with Fisher's least significant difference (LSD) test at the 0.05 probability level.
RESULTS AND DISCUSSION
Meteorological conditions
Meteorological conditions had opposite trend in two experimental years. The difference in temperature between the seasons was negligible (Table 1) , with the amount of precipitation being almost 2.5 times higher in 2014 than in 2013, that is near a 20-year average. The highest value of precipitation was obtained in May for both 2013 and 2014 (102.1 and 286.7 mm, respectively). (22) who also found lower concentrations of both elements in grain of barley sprayed with amino acid fertilizers in combination with water deficit. It could be supposed that foliar treatments, irrespective of the formulation applied, slightly reduced accumulation of some promoters, such yellow pigment and GSH (Figure 1) , as well as some mineral elements (Fe and Mn; Figure 4 ) in dry conditions. However, positive impact of applied fertilizers on accumulation of examined elements was mainly related to hormone preparations, such as EE and BAP, as well as silicone fertilizer Siliplant, illustrating their complex role in plant metabolism and stress tolerance (8, 9, 12) , which can also reflect on increased nutrients acquiring in barley grain.
Potential bioavailability of mineral elements. Considering the relations between Phy, P i , yellow pigments, Mg, Ca, Fe, Zn and Mn, the highest values were mainly obtained in PZR treatment, with significant differences observed between the values of Phy/yellow pigment, Phy/Mg, Phy/Ca, Phy/Fe and Phy/Mn ( Table 2 ). The lowest values of Phy/Zn and Phy/Mn were in hormone, Epin Extra treatment (25% and 23% lower in relation to PZR, respectively), while the significantly lowest values of Phy/Mg and Phy/Ca were in BAP treatment (6% and 44% lower in relation to PZR, respectively). Siliplant was characterized by the significantly lowest values of Phy/Fe in relation to control (12% and double, respectively) and Chitosan with significantly lowest Phy/yellow pigment (13% in relation to PZR). While Chitosan mainly decreased P phy concentration, the increased concentrations of examined mineral elements influenced by Siliplant and hormone preparations Epin Extra and BAP were mainly reflected on decrease of the ratio between phytate and mineral elements, contributing to their better bioavailability to humans (4).
CONCLUSION
The obtained results indicate that the year of cultivation influenced the chemical composition of barley grain, mainly increasing concentrations of promoters, antinutrients and mineral elements during dry season. The highest impact of unfavorable conditions with high precipitation level was for Si, decreasing its concentration several times. Among applied treatments, Chitosan was the most effective for increasing of promoters' level, and reducing of Phy/yellow pigment ratio, thus increasing potential bioavailability of the examined mineral elements. Moreover, unfavorable meteorological conditions were partially mitigated by application of Siliplant and hormone preparations: EE and BAP, thus increasing potential bioavailability of P, Mg, Ca and Fe.
